


Cosmological Neutrinos
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Neutrino Mixing

Neutrino flavors (e, µ, τ) are not the “true” vacuum neutrinos:

Simplest case, 2 x 2:

Minimal physical case, 3 x 3:



Neutrino Oscillations

SNO

Super-Kamiokande



Atmospheric results:
large/maximal  θ23
� MINOS/K2K

Solar results:
large θ12
� KamLAND

Reactor limits:
small θ13
�Long-Baseline?

The Emerging Neutrino Mixing Matrix
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Is this enough?? 
LSND: light sterile neutrinos 
or CPT violation
�MiniBooNE



• Lower limit:

• Upper limit:
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Neutrino Experiment� Cosmology

the overall mass scale of neutrinos
(small δm2’s)

Katrin sensitivity

Extreme effects of very massive active neutrinos (decay, etc.) in 
the early universe can be safely ignored



Big Bang Nucleosynthesis

Concordance of light element 
abundances with standard 
theory

� Gives precision accounting 
of the components (matter and 
energy) of the universe at early 
times ~ 1 sec!

� Constraining new neutrino 
physics

Cosmology � Neutrino Physics
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�Any chemical potential will 
alter the 4He abundance.

ξ <<1

Generally:

13 flavorcm113 −−≈
ν

n

number density of neutrinos

(Dolgov et al; KA, Beacom, Bell; Wong 2002)

Neutrino Experiment� Cosmology
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Measurements of the spectrum 
of fluctuations:

• galaxy surveys

• cosmic shear (weak lensing)

• Lyman-α forest

• CMB

• galaxy cluster abundances

� Give precision accounting of 
the components (matter and 
energy) of the universe 

totalenergydarkm ΩΩΩ ,,

• Neutrino experiment: mass splittings
& cosmological number density

• 2dF Galaxy Redshift Survey:  upper mass limit  Σmν < 1.8 eV � mν < 0.6 eV
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Cosmology � Neutrino Physics



Supernova 1987A




